The thermomagnetic effect due to the :fluctuation of the superconducting order parameter in magnetic fields slightly above the upper critical :field Hc 2 (T) is calculated for a dirty superconductor. Use is made of the time dependent Ginzburg Landau equations. It is found that the Ettingshausen coefficient (or the Nernst coefficient) diverges like (H-Hc 2 )-112 and (H-Hc 2 )-1 for the 3-dimensional and the 2-dimensional sample respectively as the magnetic field approaches Hc2· § 1. Introduction
As is well known in the vicinity of the transition temperature transport coefficients like the electrical resistivity/)-!) the Hall coefficient 5 ) and the diamagnetic susceptibily 6 )- 3 ) are strongly modified due to the fluctuation of the order parameter. In particular it has been shown theoretically that the electrical conductivity in the superconducting thin film (i.e. the 2-dimensional system) diverges like (T-Tco)-1 as the temperature approaches the transition temperature
Teo, which has been confirmed in a number of experiments.
),lO)
In this work we would like to present a calculation of ,the thermomagnetic coefficient in a magnetic field H larger than the upper critical field. For mathematical simplicity we restrict ourselves to a dirty superconductor where we have a simple set of equations describing the fluctuation of the order parameter and various transport currents 11 ) (TDGL).
In the next section ( § 2), we will present the basic set of equations (TDGL), which is used in the subsequent calculation. We find that the Ettingshausen coefficient is given by
for the 2-dimensional and 3-dimensional syGtems, respectively, where L (p) is a temperature dependent constant defined later, h = Hj Hc 2 (T), ~ (T) = (2e X Hc 2 (T) )-112 and d is the thickness of the film.
K. Maki § 2. Calculation of the Ettingshausen coefficient
In order to calculate the Ettingshausen coefficient due to the fluctuation we can use either the time dependent· Ginzburg Landau equations (TDGL) or the microscopic theory where we treat the effect of the fluctuation as a perturbation to the electron system. In the case of the Ettingshausen coefficient, these two methods result in an equivalent expression in constrast to the case of the electrical conductivity. 4 )' 12 ) This is because the so-called anomalous term 4 )' 12 ) doea not contribute to the Ettingshausen effect. 13 ) ' 14 ) Therefore we use (TDGL) in the present calculation. We begin with the introduction of the fluctuation propagator for a dirty superconductor D (q, w) defined as
..
where N (0) is the density of states, D is the diffusion constant, Q = q + 2eA, and ¢ (z) and ¢< 1 l (z) are the di-gamma and the tri-gamma functions, respectively.
Here p =eo (T) / 4nT which is the root of
In passing from (3) to ( 4) 
1=2=(r,t)
and
respectively. The set of Eqs. (3), (6) and (7), constitute the basis of the following analysis. The Ettingshausen coefficient can be expressed in terms of the retarded producfD as
The retarded product can easily be obtained from the thermal product by an ana- 
Wn is the Matsubara frequency and
Here the factor eH/n in front of Eq. (9) comes from the summation over the cyclic coordinate k, the momentum perpendicular to the magnetic field, q is the momentum parallel to the magnetic field (i.e. in the z direction) and ). is the
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index describing the discrete levels in a magnetic field H. It is worthwhile to point out that the fluctuation does not contribute to the theormoelectric power (i.e. < [j.x\jx]) for example), since the 2 diagrams in Fig. 1 
where
Here we have made use of the relation (15) which is derived in the Appendix. Now we will consider the two limiting cases:
In the case of the thin film with the thickness d, which is smaller than ~ (T) = (2eHc 2 (T) )- = T~;dp)
In the limit h-I <I we may approximate (I6) as
This expression holds for a rather wide field range at low temperatures.
b) bulk sample
In the bulk system we have to integrate over q and we have
In particular in the limit that h approaches I, we have
As in the case of the vortex state of the type II superconductor, we have neglected in the above calculation the heat transport due to the motion of the magnetization.16)'17) In fact it is easy to show that in the field region above the upper critical field the magnetization current associated with the motion of the magnetization is obtained as
where u = E/ His the velocity of the' vortex lines. The above expressiOn reduces to and
for a thin film with the thickness d and for a bulk sample, respectively. The entropy flow associated with this magnetization current is then given by
for the film and for the bulk sample, respectively. to Eqs. (18) and (20), we have Finally combining Eq. (22) eT
for the film and the bulk sample, respectively, where
The universal functian L (p) appears also in the expression of the Ettingshausen (H-Hc 2 ) -112 for the film and the bulk sample respectively. If we restrict ourselves in the vicinity of the transition temperature, it is not difficult to generalize the present calculation for a superconductor with an arbitrary electronic mean free path, although the effect is necessarily small in this temperature range. The experimental observation of the predicted effect will provide another confirmation of TDGL (involving the heat current operator). 
